Introduction
Improvements in biopsy techniques have led to their increased use both for diagnosis and in following a disease process or its response to treatment in serial biopsies from the same individual. This is particularly true of childhood coeliac disease; current definitions of this condition require the demonstration of both a mucosal lesion and its response to t gluten withdrawal or reintroduction in sequential jejunal biopsies (Townley and Barnes, 1973; Anderson, Gracey and Burke, 1972) . Increasingly, there is a need for quantitative methods for assessing the changes seen in these specimens objectively.
Previous attempts to measure jejunal biopsy changes have been recently reviewed by Dunnill and Whitehead (1972) and by Chapman et al. (1973) . In the present study morphometric methods have been applied to both single and serial biopsies from children. The technique of Dunnill and Whitehead combines point counting and linear intercept principles (Chalkley, Cornfield and Park. 1949) to measure surface-to-volume ratios and mucosal volume indices.
Computer card morphometry (Meinhard, 1974) requires the tracing of the microscopic image of the biopsy on computer data cards. These are printed with a grid. the cross-points of which form a matrix of 840 points. Quantitative data are recorded as marks where tissue components overlie the crosspoints, thus retaining their spatial arrangement within the tissue. The data are fed, via an Optical Mark Data Card Reader, into a minicomputer for analysis.
Materials and methods
Peroral biopsies of small intestinal mucosa were obtained under fluoroscopic control using a Crosby capsule. The specimens were taken immediately distal to the ligament of Treitz. The handling and processing of the biopsies have been described in detail elsewhere (Risdon and Keeling, 1974) .
Morphometry
Method 1 (Dunnill and Whitehead, 1972) This technique involves superimposing a pattern of fifteen lines of equal length (drawn to the specification of Weibel, 1963) on to the image of the biopsy (Fig. 1) recorded. The number of microscopic fields used is also noted. The surface-to-volume ratio index is given by c: lh (c is the number of 'cuts', h is the number of 'hits' and I the length of the lines). The mucosal volume index is given by h, the average number of 'hits' per microscopic field counted.
From ninety children, 113 jejunal biopsies were studied by this method. Thirty-seven biopsies were obtained from children investigated for short stature or failure to thrive. Since none had investigational evidence of malabsorption and all biopsies were subjectively normal, these specimens were used as 'controls'. Thirty biopsies were taken from children with typical coeliac disease before any dietary treatment. Forty-six were paired biopsies from twenty-three children treated empirically for at least 2 years with gluten-free diet for suspected coeliac disease. This has been diagnosed previously on clinical grounds alone. One biopsy was taken before, and a second biopsy was taken some 12 weeks after reintroduction of dietary gluten.
Method 2 (Meinhard et al., 1975) The method requires the tracing of a correctly orientated microscopic image of the biopsy on to computer data cards; the grids printed on the cards provide a point counting graticule of 840 sampling points.
Each mucosae. Volume proportions and surface-tovolume ratios can also be derived relative to the total mucosal volume. In this paper some of the results obtained with this method in biopsies from the controls and in twenty-six of the specimens from untreated coeliacs are considered. A fuller and more extended study is reported elsewhere (Meinhard et al., 1975; Wadbrook and Meinhard, 1975) .
Results

Method 1
Results for the biopsies from controls and untreated coeliacs are set out in Table 1 and Fig. 3 .
The numerical values for c: Ih ratios and h indices are different from those previously reported (Risdon and Keeling, 1974) , because of changes in methodology. Previously, 'hits' were scored only when the ends of lines fell on the lamina propria or mucosal glands, thus excluding surface epithelium from volume determinations. Experience with computer card morphometry has shown that in normal specimens surface epithelium comprises some 30%. of the total mucosal volume. Differences we previously reported in mucosal volume between controls and 'flat' biopsies have been shown to be spurious, and are due to the exclusion of surface epithelium when counting 'hits'. (corresponding to the shaded area) was 29-2 months, whilst that of the remaining twenty-six cases was 69-3 months. The difference is significant (t = 2-78, P < 0-01). Results from the paired biopsies are shown in Fig. 4 . A careful dietary history showed that all but three of the twenty-three children considered had kept rigidly to a gluten-free diet; first biopsies in these twenty patients had c : lh ratios well within the control range. Of the first biopsies obtained from the three children in whom dietary lapses occurred, c: lh ratios were well below the control range in two, and just at its lower end in the third. The reintroduction of dietary gluten produced a marked fall in c : lh ratios in thirteen of the twenty children with normal values on a gluten free diet; in eight of them c : Ih ratios were similar to those in untreated coeliacs and in the other five values fell in an intermediate range corresponding to so-called 'partial villous atrophy'. In seven patients no fall in c: lh ratio occurred when gluten was reintroduced.
Method 2
Numerous differences were recorded between controls and untreated coeliacs. Figures 5 and 6 show the results for both groups for surface area and surface epithelial cell volume. Total mucosal volumes in the two groups (Fig. 7) did not differ (t = 1.19; P > 02).
Discussion
Morphometric methods used in histopathology (Dunnill, 1968; Weibel, 1963) involve the prediction of three dimensional volume and surface area measurements of structures randomly distributed within an organ or tissue, from area or perimeter measurements of those structures seen in two dimensional sections. However, the components of tissues such as jejunal mucosa are not randomly distributed, so that meaningful comparisons between specimens require that they be prepared in a similar fashion. In particular, a standard orientation of the tissue sections is chosen to best reveal their structure, which in jejunal mucosa is at right angles to its surface. The level in the small intestine from which a biopsy is taken is also important since variations in the mucosal appearances may occur at different sites (Rubin and Dobbins, 1965) .
Of the two methods of quantitative analysis employed in the present study, that of Dunnill and Whitehead (1972) provides a simple direct technique needing a minimum of special equipment (an eyepiece graticule specially made by Graticules Ltd); its advantages over other methods employing direct measurements of mucosal components is discussed by Dunnill and Whitehead (1972) .
Computer card morphometry (Meinhard, 1974 ) is a modification of point counting (Glasgolev, 1933) but has a number of advantages over more traditional techniques. The data are already coded for computer analysis which forms an integral part of the technique. Furthermore, since the spatial arrangement of the point counts are retained, the measured image can, in effect, be reconstructed within the computer. It is in fact possible to produce pictorial as well as numerical printouts from the data suitable for inclusion in the patients' notes (Meinhard et al., 1975 (Walker-Smith, 1970 , 1972 .
A point of some interest regarding the morphogenesis of the mucosal lesion in coeliac disease is apparent from the computer card results. Although the surface epithelial volume is lower and the crypt epithelial volume greater in the biopsies from untreated coeliacs compared to the controls, the total mucosal volumes are the same (Fig. 8) Analysis of surface-to-volume (c : lh) ratios in the control biopsies relating them to the patients' ages showed that the lower c : lh ratios tended to occur in younger children (Fig. 3) . This suggests that the complexity of the villous pattern increases at a varying rate during early childhood so that some young children have a relatively 'immature' mucosal morphology. This is supported by consideration of the dissecting microscope appearances of jejunal biopsies from young children which often have a 'ridged' pattern which might be considered pathological in an adult.
